Extraction of Lactobacillus fermentum BR11 cells with 5 M LiCl yielded a preparation containing a single predominant polypeptide with an apparent molecular mass of 32 kDa. A clone encoding an immunoreactive 32-kDa polypeptide was isolated from a pUC18 library of L. fermentum BR11 DNA by screening with an antiserum raised against whole cells of L. fermentum BR11. Sequence determination of the insert in the clone revealed a complete 795-bp open reading frame (ORF) that defines a 28,625-Da polypeptide (BspA). Nterminal sequencing of the LiCl-extracted polypeptide from L. fermentum BR11 confirmed that it is the same as the cloned BspA. BspA was found to have a sequence similar to those of family III of the bacterial solute-binding proteins. The sequences of two ORFs upstream of bspA are consistent with bspA being located in an operon encoding an ATP-binding cassette-type uptake system. Unusually, BspA contains no lipoprotein cleavage and attachment motif (LXXC), despite its origin in a gram-positive bacterium. Biotin labelling and trypsin digestion of whole cells indicated that this polypeptide is exposed on the cell surface. The isoelectric point as predicted from the putative mature sequence is 10.59. It was consequently hypothesized that the positively charged BspA is anchored by electrostatic interaction with acidic groups on the cell surface. It was shown that BspA could be selectively removed from the surface by extraction with an acidic buffer, thus supporting this hypothesis.
Cell surface polypeptides of gram-positive bacteria may be divided into a number of classes on the basis of the way in which they are anchored to the cell envelope. In two such classes, the LPXTG-containing proteins and the lipoproteins, attachment is covalent. The former are anchored to cell wall peptidoglycan via the threonine residue in the C-terminally located LPXTG motif (20) , while the latter are anchored to cytoplasmic membrane lipids via the cysteine residue in the N-terminally located LXXC motif (29) . Many lipoproteins of gram-positive bacteria are homologs of periplasmic solutebinding proteins of gram-negative bacteria, and it is currently thought that lipid anchoring of these proteins is necessary in gram-positive bacteria because there is no outer membrane to prevent their loss to the environment (29) .
A number of other surface-located proteins are anchored via charge interactions. Examples include S-layer proteins which form regular arrays covering the cell surface and the protein monomers that constitute polymeric structures such as fimbriae and flagella. A characteristic of S-layer proteins from lactobacilli is that they can be extracted from the cell surface by charge-occupying agents such as concentrated salt or guanidine hydrochloride (17, 18) .
The cell surfaces of lactobacilli are poorly understood in comparison to those of the related streptococci. Only S-layer proteins and surface-located enzymes have been extensively characterized (2, 4, 11, 12, 33) . We are currently investigating the surface of the guinea pig female genital tract isolate Lactobacillus fermentum BR11 (26) . Here we report the sequence of BspA, a surface-located polypeptide of this organism. BspA is selectively removed by extraction with 5 M LiCl and is clearly homologous to family III of the bacterial solute-binding pro-teins (30) . Unlike solute-binding proteins from gram-positive bacteria, BspA does not contain a lipoprotein consensus sequence. It has a highly alkaline isoelectric point, and it appears likely that it is anchored by electrostatic interaction with negatively charged groups on the cell surface.
MATERIALS AND METHODS
Strains and plasmids. L. fermentum BR11 is a guinea pig vaginal isolate that has been previously described (26) . It was grown in liquid or solid MRS medium (Oxoid) for 18 to 24 h at 37°C in the presence of 5% CO 2 . Escherichia coli JM109 (36) and recombinant derivatives were grown at 37°C in Luria-Bertani medium (27) supplemented with ampicillin (100 g/ml), isopropyl-␤-D-thiogalactopyranoside (IPTG) (0.25 mM), and 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside (X-Gal) (40 l of a 20-mg/ml solution) as appropriate. Plasmid pUC18 has been described previously (36) , while plasmids pMFT1, pMFT2, and pMFT3 are pUC18 derivatives described more fully in Results.
L. fermentum BR11 extractions. Cell surface extractions were made from 35-ml stationary-phase cultures. The cells were harvested by centrifugation (10,000 ϫ g, 5 min), washed once with an equal volume of 0.15 M NaCl, resuspended in 500 l of the extraction solution (5 M LiCl, MRS broth, or 0.05 M glycine hydrochloride [pH 2.2, 1.96, or 1.83]), kept on ice for 15 min, and then centrifuged (16,000 ϫ g, 5 min), and the supernatant was retained. Whole-cell lysates were made from 10-ml stationary-phase cultures. The cells were harvested by centrifugation, washed once with an equal volume of 0.15 M NaCl, resuspended in 1 ml of 0.15 M NaCl, and then lysed with a Mini-Beadbeater-8 cell disruptor (Biospec) with the equivalent of 0.5 ml of 0.1-mm-diameter glass beads.
SDS-PAGE and electroblotting. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was based on the method previously described (16) . Samples were mixed with an equal volume (except the glycine-HCl extracts, which were mixed 3:1) of SDS-PAGE sample buffer (4% SDS, 0.2% bromophenol blue, 20% glycerol in 100 mM Tris-HCl, pH 6.8), boiled for 5 min, and centrifuged at 16,000 ϫ g for 5 min, and the supernatant was retained. Electrophoresis was at 150 V for 90 min. Either the gels were stained with Coomassie brilliant blue or silver nitrate (3) or the proteins were transferred to nitrocellulose by electroblotting at 200 mA for 2 h essentially as described previously (27) .
Preparation of an antiserum against L. fermentum BR11 whole cells. The procedure used for antiserum preparation was based on that previously described (6) . A female lop-cross rabbit was injected subcutaneously with approximately 3 ϫ 10 9 L. fermentum BR11 cells that had been grown on MRS agar for 3 days, then washed, and suspended in 0.6 ml of sterile saline. Similar preparations were injected intravenously 8 and 18 days after the first injection. The rabbit died of anaphylactic shock immediately after the day 18 injection, so blood was taken at that point. The antiserum was absorbed with lysed E. coli JM109 (3 ml of stationary-phase culture in a 4-ml final volume) and was used at a dilution of 1:200 for Western blots and library screening.
Genomic library construction and screening. L. fermentum BR11 genomic DNA was purified by a method based on that previously described (10) . A 200-ml stationary-phase culture was incubated with 20% (wt/vol) glycine for 1 h. The cells were harvested by centrifugation, washed twice in 100 ml of 150 mM NaCl-100 mM EDTA (pH 8.0), and then suspended in 13 ml of 150 mM NaCl-100 mM EDTA (pH 6.9). Triton X-100, lysozyme, and proteinase K were then added to final concentrations of 0.5% (vol/vol), 10 mg/ml, and 0.08 mg/ml, respectively, and the cells were incubated at 37°C for 2 h. SDS was then added to a final concentration of 0.4% (wt/vol), and the resulting viscous solution was extracted once with phenol, three times with phenol-chloroform, and once with chloroform. The nucleic acid was precipitated with ethanol, redissolved in water, treated with RNase, extracted twice more with phenol-chloroform, reprecipitated, and redissolved in water. Three micrograms of the DNA was partially digested with Sau3AI restriction endonuclease, and fragments greater than 1.5 kbp were recovered from an agarose gel by the method previously described (35) . The fractionated DNA was ligated to BamHI-cleaved, bacterial alkaline phosphatase-treated pUC18 (Pharmacia) at a molar ratio of approximately 1:1, and the ligation products were introduced into E. coli JM109 by electroporation. Approximately 100,000 independent recombinants were obtained.
The library was screened with the anti-L. fermentum BR11 antiserum essentially as described previously (27) . Detection of secondary antibody was done with 3,3Ј-diaminobenzidine, chloro-1-naphthol, and H 2 O 2 . Confirmation of positive clones was by Western blot analysis of the recombinant E. coli lysate. Screening of the library using a probe labelled with digoxigenin by PCR was carried out according to the digoxigenin hybridization manual (Boehringer Mannheim).
N-terminal sequencing. L. fermentum BR11 cells (400-ml stationary-phase culture) were suspended in 5 ml of 5 M LiCl at 0°C for 15 min and then at 21°C for 15 min. The cells were then centrifuged (10,000 ϫ g for 5 min), and the supernatant was collected and dialyzed for 2 days at 4°C against several changes of distilled H 2 O. After dialysis a white precipitate could be seen in the dialysis tube. This suspension was centrifuged (16,000 ϫ g for 5 min), and the pellet was resuspended in 50 l of 5 M LiCl. This extract, which consisted primarily of BspA, was then separated by SDS-PAGE and electroblotted to an Immobilon-P SQ membrane (Millipore) according to a procedure previously described (19) , and the band corresponding to BspA was sequenced with a 470a protein sequencer (Applied Biosystems).
Nucleotide sequence analysis. Plasmid templates were isolated by the alkaline lysis method (27) and were further purified by precipitation with an equal volume of 20% (wt/vol) polyethylene glycol-2.5 M NaCl. Nucleotide sequencing was by the dideoxy method (28) using a 373a DNA sequencer (Applied Biosystems). The complete sequence was obtained by using the M13 forward and reverse and custom-synthesized primers. Searches of sequence databases were carried out by using the BLAST program (1) accessed through the Australian National Genome Information Service at Sydney University. Sequence alignments were done with ClustalW (31) .
Biotin labelling of L. fermentum BR11 whole cells. Stationary-phase cultures (35 or 10 ml) were harvested by centrifugation then resuspended in 1 ml of phosphate-buffered saline. Sulfo-N-hydroxysuccinimide (NHS)-biotin (Pierce) was then added (2 l of a 50-mg/ml solution), and the cells were incubated at room temperature for 2 min. Unbound Sulfo-NHS-biotin was removed by washing three times with 30 ml of phosphate-buffered saline, and the cells were LiCl extracted (35-ml culture) or lysed (10-ml culture) as described above. Biotinlabelled proteins were detected after SDS-PAGE and electroblotting to nitrocellulose by treatment with streptavidin-alkaline phosphatase conjugate followed by color development using 5-bromo-4-chloro-3-indolyl phosphate and nitroblue tetrazolium chloride as outlined in the Boehringer Mannheim digoxigenin manual.
Trypsin digestion of L. fermentum BR11 whole cells. Ten-milliliter stationaryphase L. fermentum BR11 cultures were harvested by centrifugation, resuspended in 5 ml of 0.1 M Tris-HCl (pH 8) containing 0.01 M CaCl 2 and 2 mg of trypsin per ml, and incubated for 3 h at room temperature with gentle agitation. The suspension was centrifuged, the supernatant was discarded, and the cells were suspended in 1 ml of 0.1 M Tris-HCl (pH 6.9) containing 1.25 mg of the trypsin inhibitor N-tosyl-L-lysyl chloromethyl ketone and incubated at room temperature for 5 min. The cells were then disrupted and electrophoresed as described above. Proteins reactive to the L. fermentum BR11 whole-cell antiserum were detected by Western blotting with anti-rabbit immunoglobulin-horseradish peroxidase conjugate as the secondary antibody at a 1:1,000 dilution and the horseradish peroxidase chemiluminescence detection kit (Boehringer Mannheim).
Antiserum absorption with recombinant E. coli strains. The E. coli strains were grown overnight in 6 ml of LB-ampicillin with 0.25 mM IPTG. The cells were harvested by centrifugation, resuspended in 1 ml of 0.15 M NaCl, and then disrupted with glass beads as described above. The cell debris and glass beads were pelleted by centrifugation (16,000 ϫ g for 5 min), and 0.5 ml of the supernatant was mixed with 1.5 ml of a 1:20 dilution of the anti-L. fermentum BR11 antiserum. This preparation was used directly in Western blots.
Nucleotide sequence accession number. The nucleotide sequence of bspA and the surrounding regions (see Fig. 2 ) is available under GenBank accession number U97348.
RESULTS
Cell surface protein extractions. Treatment of whole stationary-phase cells of L. fermentum BR11 with 5 M LiCl yielded a preparation that contained one predominant polypeptide with a molecular mass of 32 kDa as measured by SDS-PAGE (Fig. 1, lane 1) .
To ensure that these observations were not due to secretion of the 32-kDa protein, the experiment was repeated using MRS broth in place of 5 M LiCl. No 32-kDa proteins were released (Fig. 1, lane 2) , thus indicating that the 32-kDa protein is normally bound to the cell and is released by LiCl. In addition, no 32-kDa protein could be detected in the supernatant from a stationary-phase culture (data not shown).
Cloning of the gene encoding the LiCl-extractable protein. Approximately 3,000 recombinant clones from a pUC18 genomic library of L. fermentum BR11 DNA were screened by colony immunoblot for reactivity with L. fermentum BR11 whole-cell antiserum. Five clones were isolated, and it was confirmed by Western blotting that they expressed immunoreactive proteins. Two of these clones, MFT1 and MFT2, expressed an immunoreactive protein with the same apparent molecular weight as that of the LiCl-extractable protein. Clone MFT1 and its plasmid pMFT1 were chosen for further study.
Sequence determination and analysis. The nucleotide sequence of the insert in pMFT1 was determined. It is 2,255 bp in length and contains open reading frames (ORFs) that define polypeptides similar to those that comprise bacterial ATPbinding cassette (ABC)-type transporters. Additional sequence was obtained by amplifying a fragment from the left end of the pMFT1 insert and using this to probe the genomic library. Plasmid pMFT3 was purified from a hybridizing clone, and the sequence of its insert was found to overlap that of the pMFT1 insert. The assembled sequence from the two clones is shown in Fig. 2 . It contains five sizeable ORFs, four of which appear complete, that are arranged as shown in Fig. 3 . The leftmost truncated ORF defines a polypeptide fragment similar to a number of previously described cystathionine gammalyase molecules, while orf4 defines a highly hydrophobic polypeptide dissimilar to any protein of known function.
The N-terminal sequence of the LiCl-extractable protein was found to be ASSAVN, which is identical to amino acids 29 to 34 encoded by the fourth ORF from the left end, and we have therefore concluded that this ORF encodes the LiClextractable protein. As this ORF defines a sequence with a very high pI, it has been named bspA (basic surface protein A). on February 16, 2020 by guest http://jb.asm.org/ orf2, orf3, and bspA define polypeptides similar to many previously defined integral membrane proteins, ATP-binding proteins, and solute-binding proteins, respectively, that are constituents of ABC-type transport systems. On the basis of sequence similarities, BspA is specifically related to family III of the bacterial solute-binding proteins as defined by Tam and Saier (30) . This family includes solute-binding proteins with specific affinities for subsets of the polar amino acids, e.g., GlnH from E. coli, which binds glutamine (21) (29% identity with BspA), and NocT and OccT from Agrobacterium tumefaciens, which bind nopaline and octopine, respectively (32, 37) (each has 30% identity with BspA), as well as a number of members with as yet unknown function, e.g., the product of orf1 from Bacillus subtilis (24) (36% identity with BspA). Also related to these sequences are two recently described proteins that apparently act as adhesins-PEB1 from Campylobacter jejuni (22, 23) (29% identity with BspA) and the Lactobacillus reuteri collagen-binding protein Cnb (25) (88.6% identity with BspA). Alignments between BspA, the B. subtilis sequence (24) , and PEB1 (22) are shown in Fig. 4 .
Although transcripts are yet to be characterized, the arrangement of this locus is consistent with the notion that orf2, orf3, and bspA comprise an operon. There are no sequences similar to those of promoters or transcription terminators between these ORFs, while BspA is followed by a potential stem-loop.
All binding proteins and their homologs from gram-positive bacteria identified to date, with the exception of Cnb from L. reuteri, possess the LXXC motif near their N termini (29) . This motif is the cleavage site for signal peptidase II which specifically cleaves prolipoproteins. The end point of the lipoprotein localization pathway is a covalent linkage between a membrane lipid and the cysteine residue in the LXXC motif. It is generally assumed that membrane anchoring is necessary in homologs of periplasmic binding proteins in gram-positive bacteria because they do not possess an outer membrane (29) . The sequence of BspA does not possess the LXXC motif (Fig. 2) . It does, however, possess a fairly typical signal peptidase Icleavable signal sequence, consisting of a charged N terminus (MMKFWKK) followed by a 16-amino-acid hydrophobic region. N-terminal sequencing of mature BspA revealed that cleavage of the signal sequence occurs after the alanine at position 28, which agrees with the predicted cleavage site (34) . The calculated molecular mass of the mature BspA is 25,697 Da, implying that it migrates aberrently in SDS-PAGE. The calculated isoelectric point (pI) of mature BspA is 10.59 (9) , indicating that it is strongly cationic at neutral and acidic pH.
Subcellular location of BspA. As BspA is extractable from whole cells with LiCl, it was hypothesized that it is located on the cell surface. This was tested by selective labelling with biotin and selective proteolysis with trypsin.
Whole L. fermentum BR11 cells were labelled with sulfo-NHS-biotin, washed thoroughly, and either lysed or subjected to LiCl extraction. The proteins were separated by SDS-PAGE and transferred to nitrocellulose, and then biotin-labelled proteins were detected with streptavidin-alkaline phosphatase conjugate. Of the total L. fermentum BR11 proteins (Fig. 5A,  lane 1) , only 10 were detectably labelled with biotin (Fig. 5B,  lane 1) . Several proteins abundant in the cell lysates as determined by Coomassie blue staining were not labelled, thus demonstrating the selectivity of the labelling reaction. It is evident that a protein that has an apparent molecular mass of 32 kDa and is present in both cell lysate and LiCl extracts (Fig. 5A,  lanes 1 and 2) is accessible to sulfo-NHS-biotin (Fig. 5B, lanes  1 and 2) . The presence of the 32-kDa labelled protein in the LiCl extract makes it highly likely that it is BspA.
The accessibility of BspA to trypsin digestion in whole cells was determined by incubating the cells with trypsin, lysing the cells, and then carrying out Western blotting by using antiserum raised against L. fermentum BR11 whole cells. This antiserum recognizes BspA in LiCl extracts (Fig. 5C, lane 3) . It is clear that an immunoreactive protein with an apparent molecular mass of 32 kDa is quantitatively degraded when whole cells are treated with trypsin, and this treatment has little or no effect on the majority of other immunoreactive proteins (Fig.  5C, lane 1 and 2) . This 32-kDa protein is known to be BspA because absorption of the antiserum with an extract of MFT1 selectively and completely abolishes the ability of the anti-serum to bind to a 32-kDa protein in L. fermentum BR11 whole-cell lysates (Fig. 6 ), thus indicating that the only L. fermentum BR11 32-kDa protein recognized by the antiserum is BspA.
Selective extraction of BspA with low pH. Since BspA does not possess the lipoprotein consensus sequence and may be extracted by treatment unlikely to disrupt covalent bonds, it seems likely that this protein is anchored to the cell surface by a mechanism distinct from covalent attachment to a lipid molecule. One hypothesis, analogous to that proposed for the PEB1 adhesin of C. jejuni (22) , is that the highly positively charged BspA is anchored through electrostatic interaction with deprotonated teichoic acid groups or other negatively charged cell wall components. Since such compounds will be neutralized at low pH, this hypothesis was tested by determining if BspA is removed from the cell wall by acid extraction. Extraction of L. fermentum BR11 whole cells with glycine hydrochloride buffer at pH 1.96 and 1.83 yielded a virtually pure preparation of a protein with an apparent molecular mass of 32 kDa (Fig. 7) . Western blot analysis showed that the extracted protein reacts with the L. fermentum BR11 whole-cell antiserum (data not shown) and is therefore likely to be BspA. This supports the notion that BspA is anchored to the outside of the cell envelope by electrostatic interaction.
DISCUSSION
We have identified and characterized the novel L. fermentum BR11 surface protein BspA. This protein may be selectively removed from the cell surface by extraction with 5 M LiCl. Such a treatment would be unlikely to remove a covalently bound polypeptide and is similar to an extraction protocol that has been shown to selectively remove S-layer subunits from the surface of Lactobacillus helveticus ATCC 12046 (17) . The sequence of BspA is not similar to those of previously characterized Lactobacillus S-layer subunits but is instead related to those of bacterial solute-binding proteins. The biotin labelling and trypsin digestion experiments provide clear evidence that BspA is exposed on the cell surface. The high positive charge and ability to be selectively extracted by LiCl and acid make it likely that the attachment is by the electrostatic interaction between the basic side chains in BspA and negatively charged groups on the cell surface, such as teichoic acid. An alternative that cannot be ruled out is that BspA forms part of a multiprotein complex on the cell surface, as this too may be dissociated by treatment with high salt or acid.
BspA displays significant sequence similarity to family III (30) of the bacterial solute-binding proteins. Solute-binding proteins play a central role in ABC-type uptake systems in bacteria. Family III includes a number of members that bind polar amino acids and opines. The common components of ABC-type uptake systems in bacteria are one or two ATP- (24) and precursor PEB1 from C. jejuni (22) . Identical ‫)ء(‬ and similar (.) amino acid residues are indicated.
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LACTOBACILLUS FERMENTUM SURFACE PROTEIN 3313 on February 16, 2020 by guest http://jb.asm.org/ binding proteins localized to the cytoplasmic side of the cytoplasmic membrane, one or two hydrophobic transmembrane proteins which usually span the membrane five or six times, and a high-affinity solute-binding protein (30) . bspA is clustered with potential integral membrane protein-and ATPbinding protein-encoding genes, so according to genetic evidence, BspA forms part of a binding-protein-dependent uptake system. At this time, the most intriguing feature of BspA is that its sequence does not include the prolipoprotein consensus sequence LXXC. This is inconsistent with the generally accepted model that states that solute-binding proteins and homologs in gram-positive bacteria are always lipoproteins that are tethered to the cytoplasmic membrane (29) . However, it is consistent with our data which show that BspA is exposed on the surface rather than being closely associated with the cytoplasmic membrane.
It is of interest to compare BspA to the Streptococcus gordonii HppA, the streptococcal LraI family, the C. jejuni adhesin PEB1, and the L. reuteri collagen-binding protein Cnb, since these appear to be surface-exposed homologs of ABCtype transport system solute-binding proteins. BspA and Cnb are very similar and are expressed by closely related spe-cies-L. fermentum and L. reuteri are in the same phylogenetic group within the genus Lactobacillus (5) . Cnb was isolated and characterized on the basis of its ability to bind collagen, so there is some evidence that it mediates adherence (25) . It is reasonable to suggest that BspA is an adhesin, and this is currently being investigated.
HppA is a 76-kDa lipoprotein that functions both as an adhesin and in peptide uptake (14) . Such multifunctionality is not implausible, as both functions are dependent upon a specific binding interaction between HppA and a ligand. HppA is thought to be large enough to present its ligand-binding domain to the outside of the cell wall while anchored to the cytoplasmic membrane. In contrast, the LraI family of lipoprotein adhesins (13) , which also contain the LXXC sequence, appear too small (about 35 kDa) to present their ligand-binding domain to the outside of the cell wall while anchored to the cytoplasmic membrane (15) . One member of this family, FimA, has been localized to the tips of fimbriae (7) , indicating a possible two-stage translocation pathway. Despite there being no evident sequence similarity between BspA and members of the LraI family, there are interesting parallels. They are of a similar size, are encoded by genes in apparent ABC uptake system-encoding gene clusters (7, 13, 15) , and, in the case of BspA, FimA (7) , and SsaB (8) at least, are transported to a cell surface location that does not appear consistent with functioning as a solute-binding protein in an uptake system. The LraI family and BspA appear to represent similar but separate examples of evolution in which solute-binding proteins have moved to the outside of the cell and assumed roles in that location.
Perhaps the most intriguing comparison is between BspA and the C. jejuni adhesin PEB1 (22) (aligned in Fig. 4 ). There is clear overall similarity between the sequences of these two polypeptides; however, they are not especially closely related to each other (29% identical) within family III of the solutebinding proteins. Despite this and the fact that the two polypeptides come from entirely different groups of bacteria, PEB1 has properties similar to those of BspA. As is the case for BspA, PEB1 has a signal peptidase I cleavage site, is located on the cell surface, and has a very high isoelectric point (8.5) in comparison with those of other binding proteins in this family (22) , thus suggesting anchoring by charge interaction between the polypeptide and negatively charged groups. Unusually for a solute-binding protein homolog from a gramnegative bacterium and unlike BspA, PEB1 has a lipoprotein consensus sequence. This is upstream from the signal peptidase I cleavage site, and it has been suggested that PEB1 is localized to the outside of the cell by a two-stage mechanism that includes a lipoprotein intermediate (22) .
The only other known family III member with a lipoprotein consensus sequence is a B. subtilis protein of unknown function which is specified by a sequence designated orf1 by Rodriguez and Grandi (24) . This sequence has no potential signal peptidase I cleavage site and is likely to be a lipoprotein in its mature form. It is probably significant that although BspA does not possess the sequence LXXC, it contains the sequence LGTS at the position in the alignment corresponding to the LXXC motif in PEB1 and the B. subtilis orf1 product, as can be seen from Fig. 4 . In the light of the similarity between the signal sequences of PEB1 and BspA and of the small side chains of the glycine and threonine residues which are frequently seen in the central two residues of LXXC motifs (29) , it is unlikely that the presence of this sequence is fortuitous. Serine occurs commonly immediately after the LXXC motif (29) , so this sequence may be a nonfunctional relic resulting from a deletion event that removed the cysteine codon.
An obvious hypothesis arising from the similarity between BspA and family III of the solute-binding proteins would be that BspA itself is a binding protein that is involved in nutrient uptake. However, treatment of whole L. fermentum BR11 cells with trypsin results in the disappearance of all the BspA from these cells as determined by Western blotting of whole-cell lysates. Therefore, if it is assumed that the cell wall is impermeable to trypsin, then the great majority of BspA is outside the cell wall. This would rule out the hypothesis that a major portion of BspA acts as a binding protein for nutrient uptake by the commonly understood mechanism of interacting directly with a cytoplasmic membrane-embedded uptake complex (30) .
The surface-exposed location of BspA and similarity with Cnb suggest a role in interacting with mucosal surfaces or other bacteria. Its high positive charge implies that expression of BspA modulates the cell surface charge and so affects nonspecific interactions with the immediate environment. Conversely, the relationship of BspA with family III binding proteins is consistent with the notion that it binds a specific ligand.
These hypotheses remain to be tested.
